The severity of depression continuously prompts researchers to elucidate its underlying mechanisms. Several systems have been considered, starting with the monoaminergic one, central to most current antidepressant treatments [1]. Considerations about elevated inflammation [2][3][4][5][6] and altered stress responses manifested by a dysregulated activity of the hypothalamic-pituitary-adrenal (HPA) axis then followed [7][8][9]. More recently, studies have found that depression can also occur with alterations of the endo genous cannabinoid/ endocannabinoid (eCB) system, a homeostatic signaling system with neuro modulatory properties [10][11][12][13]. Genetic approaches have looked at gene polymorphisms in each of the aforementioned systems, although no studies have evaluated these from a joint perspective. This review will focus on the pharmacogenomics of the eCB and the immune systems, and that of the HPA axis. We will start with a brief description of the eCB system and its links to depression, we then describe the putative role of the immune system and the HPA axis in relation to this mental disorder, discussing their possible connections with the eCB system. This will be followed by current findings on gene polymorphisms and how they relate to prognosis. Lastly we propose how future research could explore in more depth these three systems in conjunction to further improve our understanding and treatment of depression.
Towards a personalized treatment in depression: endocannabinoids, inflammation and stress response
The severity of depression continuously prompts researchers to elucidate its underlying mechanisms. Several systems have been considered, starting with the monoaminergic one, central to most current antidepressant treatments [1] . Considerations about elevated inflammation [2] [3] [4] [5] [6] and altered stress responses manifested by a dysregulated activity of the hypothalamic-pituitary-adrenal (HPA) axis then followed [7] [8] [9] . More recently, studies have found that depression can also occur with alterations of the endo genous cannabinoid/ endocannabinoid (eCB) system, a homeostatic signaling system with neuro modulatory properties [10] [11] [12] [13] . Genetic approaches have looked at gene polymorphisms in each of the aforementioned systems, although no studies have evaluated these from a joint perspective. This review will focus on the pharmacogenomics of the eCB and the immune systems, and that of the HPA axis. We will start with a brief description of the eCB system and its links to depression, we then describe the putative role of the immune system and the HPA axis in relation to this mental disorder, discussing their possible connections with the eCB system. This will be followed by current findings on gene polymorphisms and how they relate to prognosis. Lastly we propose how future research could explore in more depth these three systems in conjunction to further improve our understanding and treatment of depression.
Endocannabinoid system: receptors & ligands
The exploration of biological mechanisms underlying the actions of cannabis, used as a mood enhancer, led to the discovery of the eCB system in animals and humans [11, 14] . Two main eCBs are known, namely 2-arachidonoylglycerol (2-AG) and anandamide (AEA), with related pharmacological properties to the major psychoactive phytocannabinoid, D-9-tetrahydro cannabinol. The eCBs act mainly on two different receptors, cannabinoid receptor type 1 (CB1) and 2 (CB2; Figure 1 ), but also to a lesser extent on TRPV1 and on other G-protein-coupled receptors [15] . While AEA binds to CB1 with high affinity and weak efficacy, 2-AG has lower affinity but is more potent at inducing inhibitory signaling of target neurons [16] . 2-AG and AEA are produced on demand, as a response to elevated intracellular calcium [16] , from arachidonic-acid-containing phospholipids and are degraded postsynaptically by MAGL and FAAH enzymes, respectively [17] . As will be described below, both levels and polymorphisms of receptors and enzymes have been found to be linked to depression.
eCB links to depression
The eCB system, with neuromodulatory properties, has been implicated in mood regulation through its influence on emotional reward and cognitive behaviors as well as its links with
The complex nature of depression is mirrored by difficulties in tailoring its treatment. Key underlying mechanisms of this mental disorder include elevated inflammation and a dysregulated hypothalamicpituitary-adrenal (HPA) axis. More recently, the endocannabinoid system has been proposed as another important component in the pathogenesis of depression, and strong evidence suggests that all three systems communicate with each other. A growing number of genetic studies have investigated polymorphisms in depression in each of these systems separately. However, no study to date has looked at these genes in conjunction. In this article we will review the crosstalk between the endocannabinoid system, immune system and HPA axis; and discuss the evidence of gene polymorphisms and their relation to the risk of depression and its treatment. We propose future directions where genes of these three systems are considered from a joint perspective to improve prediction of treatment response, taking into account potentially overlooked genetic variations.
future science group Review Zajkowska, Englund & Zunszain the stress response [10, 18] . Typically, depression manifests with pathophysiological alterations in signaling pathways in areas associated with emotional regulation. CB1 receptors are commonly found in brain regions involved in stress processing and depression, and are mostly present on GABAergic and glutamatergic synapses [18] [19] [20] . In particular, they have been described on glutamatergic neurons in the paraventricular nucleus (PVN) of the hypothalamus, which takes part in modulating the stress response via the HPA axis [18, 21] . CB2 receptors have been detected in the brain and are commonly found in the peripheral immune system [13] . Interestingly, both the immune system [3, 5] and the HPA axis [7, 22, 23] have been described as dysregulated in depression, and will be described in further detail below. CB1 receptors have been shown to selectively regulate behavioral and neuro endocrine stress responses in mice, via different glutamatergic neuronal subpopulations within principal forebrain neurons and cortex [20] . Being the most abundant G-protein-coupled receptors in the brain, CB1 receptors help to maintain homeostasis of neural networks, via retrograde signaling [24] . When this homeostasis is disrupted, changes in mood and behavior follow [13, 25] . For example, preclinical studies have shown that genetically deleting CB1 receptors in mice resulted in depressive-like behavior [12, 26] . Furthermore, preclinical studies have shown that genetic deletion of CB1 receptors as well as their pharmacological blockade upregulated plasma corticosterone levels in both basal and stress conditions. These observations are indicative of a dysregulated HPA axis, which is also seen in depression [27] . In humans, pharmacological blockade of the CB1 receptor has been associated with depressogenic effects. For instance, rimonabant, an inverse CB1 agonist, developed as an antiobesity drug, had to be removed from the market as its side effects included depression and suicide [28] . Interestingly, while rimonabant showed similar antidepressant properties as desipramine in a preclinical model, these two agents had opposite effects on corticosterone levels with rimonabant increasing corticosterone levels [27] . This observation led authors to suggest that CB1 inverse agonists may be more suitable for melancholic depression, which manifests with hypoactivity of the HPA axis. Moreover, the antidepressant properties but not the neuroendocrine effects Personalized treatment in depression: endocannabinoids, inflammation & stress response Review of desipramine were absent in CB1 knockout mice, further suggesting the role of this receptor in behavioral adaptation to stress response [27] . The other main eCB receptor, CB2, has received particular interest as a pharmacological target in pain and immune modulation [29] , with growing evidence from animal studies showing that CB2 receptors play a role in emotional regulation [30, 31] . For instance, mice that overexpress CB2 receptors showed decreased depressive-like behaviors when exposed to stressful situations compared with the control group [30] . Furthermore, pharmacological administration of a CB2 agonist produced antidepressant-like effects in rats, as observed by reduced immobility and mechanical hypersensitivity [31] . In addition to receptors, enzymes regulating eCBs also showed links to depression. As such, pharmacological inhibition of FAAH has shown antidepressantlike effects in animal studies [32] [33] [34] , and also augmented the antidepressant properties of imipramine [33] . Further support for the roles of an eCB deficiency comes from clinical studies showing that depressed patients had significantly lower circulating levels of 2-AG than controls. Interestingly, levels of 2-AG decreased progressively with the duration of the disorder [25] .
Communication between the eCB & immune systems
Several observations indicate a complex communication between the eCB and immune systems. As mentioned above, CB1 receptors are present in astrocytes and also in microglia, with CB2 receptors being largely expressed in several cells of the peripheral immune system, including lymphocytes and macrophages, and in glial cells and microglia in areas of the brain including the cerebral cortex, the limbic system and the cerebellum [13, 35, 36] . Activation of these receptors under cell culture conditions has been shown to regulate specific immune-related functions carried by these cells. However, the overall functionality of both CB1 and CB2 receptors in vivo is still to be defined. Circulating eCBs are affected by, and also affect, the immune response. For example, 2-AG was shown to be produced by immune cells in response to injuries and, through its inhibitory function, it then reduced the inflammatory response of these cells [37] . Microglial cell activation and excitotoxicity were shown to be reduced by 2-AG, highlighting the immuno suppressant effect of these molecules [36] . Furthermore, IL-1b, a cytokine shown to be elevated in depression [22, 38] has been shown to inhibit the function of CB1 receptors on both glutamatergic and GABAergic neurons in the rat striatum [39] . In addition to IL-1, levels of circulating protein and mRNA encoding for IL-6 and TNF-a, also described as elevated in depression, were reduced by administering synthetic cannabinoids in a preclinical model of multiple sclerosis treatment [40] . Interestingly, antidepressant treatments are also effective in decreasing circulating cytokine levels [41, 42] . These findings suggest common convergent physiological pathways shared between the eCB and immune systems that are yet to be explored in relation to the treatment of depression. Of relevance here, celecoxib, an anti-inflammatory drug that inhibits COX-2, improved depressive symptoms and reduced inflammation when added to antidepressant medication [43] . COX-2 is capable of degrading AEA and 2-AG. At the same time, 2-AG has been shown to reduce gene expression and circulating levels of COX-2 in response to proinflammatory and excitotoxic stimuli in the hippocampus of rats [17, 44] . Furthermore, pharma cological administration of substrateselective COX-2 inhibitors has shown to increase eCB activity and reduce anxiety behaviors in mice [45] , again highlighting a link between the eCB and immune systems.
The strength and prevalence of the crosstalk between these systems becomes stronger when we consider enzymes. Elevated levels of MAGL have been associated with inflammation and increased levels of FAAH with both inflammation and mood disorders. Pharmacological inhibition of both enzymes have shown improvement of these disorders [32] . Interestingly, reduced FAAH levels have been shown to produce antidepressantlike effects in animal models [32] . Furthermore, decreasing FAAH levels pharmacologically has been linked with reduction in mRNA expression of lipopoly saccharide-induced proinflammatory cytokines in the hypothalamus of rats [46] . In light of these observations, studies investigating the role of pharmacological inhibition of FAAH in clinical settings, which are yet to be carried out, appear promising.
Communication between the eCB system & the HPA axis
Strong evidence highlights the role of eCB signaling in HPA axis regulation, including effects during basal conditions and also situations of acute and repeated stress response [18, 21, 47, 48] . To better understand the mechanisms through which this crosstalk occurs we will first briefly summarize some of the ways by which a dysregulated HPA axis is thought to contribute to future science group Review Zajkowska, Englund & Zunszain depression. The HPA axis regulates the stress response by controlling the secretions of corticotrophin-releasing hormone (CRH), adrenocorticotropic hormone and glucocorticoids (cortisol in humans), and is tightly controlled by a negative feedback inhibition loop that involves two receptors: the mineralocorticoid receptor (MR) and the glucocorticoid receptor (GR). When levels of glucocorticoids are up, this feedback loop signals the axis to downregulate itself (see Figure 2 , left). In depression, glucocorticoids may not bind to their receptors, leading to hyper activity of the HPA axis and increased levels of circulating glucocorticoids [7] . Interestingly, activation of membrane-associated GR on CRH neurons in the PVN leads to an increase in both AEA and 2-AG. AEA and 2-AG travel across the synaptic cleft to CB1 receptors on the postsynaptic glutamatergic neurons, subsequently inhibiting their activity, and therefore suppressing the release of CRH. This process, known as fast feedback loop, is part of the HPA negative feedback inhibition loop [18, 21] . Repeated exposure to stress has been shown to downregulate CB1 receptors in glutamatergic synapses on parvo cellular neuroendocrine cells in the PVN of the hypothalamus in rats. This mechanism was mediated by increased levels of corticosterone and intracellular GR activation. Specifically, CB1 receptor downregulation has been shown to reduce the negative feedback loop inhibition within the HPA axis (see Figure 2 ) [48, 49] . The eCB system also regulates the HPA basal activity via CB1 receptors in the basolateral nucleus of the amygdala, with evidence coming from studies demonstrating that administration of CB1 receptor antagonists resulted in elevated HPA axis activity [18, 27] . In situations of an acute stress response, an increased activity of the HPA axis has been linked with increased FAAH levels and decreased AEA in the amygdala [18] . Interestingly, in animal models, pharmaco logical administration of FAAH inhibitors or CB1 agonists in the basolateral nucleus of the amygdala attenuated the stress response and reduced HPA axis [50] .
Gene polymorphisms & treatment response n Endocannabinoid system

CNR1 & CNR2 genes
Several studies have looked at the genes coding for CB1 and CB2, namely CNR1 and CNR2, in relation to depression. Specifically, they investigated SNPs as well as haplotype blocks of the aforementioned genes and trinucleotide repeats in the 3´-UTR of the CNR1 gene [51] [52] [53] [54] [55] . Two CNR1 mRNA splice variants have been described that modify protein expression and lead to the formation of two additional variants of the CB1 receptor, CB1a and CB1b [56] . They are structurally different, therefore having different binding properties to eCBs, whereby AEA binds with lower affinity and 2-AG acts as an inverse agonist for both receptors, CB1a and CB1b [19] . While no studies have looked at splice variants of CB1 receptors in relation to depression, several SNPs of CNR1 and CNR2 genes have been investigated: CNR1 rs1049353 [52, 53, 57, 58] , CNR1 rs806371 [52] , CNR2 Q63R [59] and CNR2 rs2501431 [51] . Some of the described SNPs are synonymous, and while they do not affect the final amino acid incorporated, they may influence mRNA translation, structure and stability. Some also occur with other SNPs in linkage disequilibrium, in the form of haplotype blocks. Interestingly, evidence suggests that CNR1 gene higher haplotype frequency consisting of minor allele C at rs806368, major allele G at rs1049353 and major allele T at rs806371 (C-G-T) as well as two long alleles with more than 16 AAT´ trinucleotides in the CNR1 gene were associated with lower susceptibility for depression [52, 60] . Several polymorphisms have been related to serotonin-based treatment response [51] [52] [53] 61] . For instance, homozygosity for the major T alleles at rs806368 and rs806371 of CNR1 was associated with increased risk of no remission following treatment compared with carriers of the minor C and G alleles, respectively [52] . Homozygosity for the major A allele of rs2501431 in the CNR2 gene has been found to be associated with increased severity of depressive symptoms in the follow-up of patients who underwent 12 weeks of antidepressant treatment [51] . In another study, haplotype block 1 of the CNR1 gene (rs806368-rs1049353-rs806371, combination C-G-G [minor-major-minor] alleles), was associated with higher remission rates following treatment [52] . While homozygosity for the major G allele of CNR1 rs1049353 in males predicted better antidepressant response, in another study the presence of the major allele predicted worse response in females, particularly in those with high comorbid anxiety [51, 53] . Furthermore, fMRI studies have shown that CNR1 rs1049353 major allele has been implicated in weaker striatal response to happy faces, a symptom commonly found in depression [53] . These findings suggest that functional polymorphisms in eCB system genes are, at least to some extent, specific to symptoms of depression rather than future science group Personalized treatment in depression: endocannabinoids, inflammation & stress response Review diagnosis. To further confirm this hypothesis, haplotype ATTCAAATTC at rs806379 (A major allele), rs1535255 (T major allele), rs2023239 (T major allele), rs806369 (C major allele), rs1049353 (A minor allele), rs4707436 (A minor allele), rs12720071 (A major allele), rs806368 (T major allele), rs806366 (T major allele) and rs7766029 (C minor allele), was positively associated with neuroticism and depression and negatively with agreeableness whereas the opposite results were found for haplotype ATTTGGATCT. Furthermore, the same study demonstrated SNP-SNP interactions such as rs806379-rs7766029, rs806379-rs4707436, rs806379-rs1049353, rs806379-rs806369 and rs806379-rs806366 to be associated with both neuroticism and agreeableness, and rs1535255-rs12720071 as well as rs2023239-rs12720071 to be linked with agreeableness only [54] . As reported in previous studies, high neuroticism and low agreeableness are part of a phenotypic profile of depression and can affect an individual's way of interpreting events in a less favorable way, putting them at risk of depression [54, 62, 63] . Interestingly, individuals who experienced physical abuse in childhood were more likely to develop symptoms of anhedonia if they had rs1049353 GG genotype compared with AG and AA [58] . By contrast, in a study comparing parasuicidal patients and healthy controls, AA genotype carriers of rs1049353 (minor alleles) were only found among patients; however, this constituted only 5.2% of patients [64] . These findings suggest that genetic polymorphisms The hypothalamus-pituitary-adrenal axis is shown on the left, and the role of endocannabinoid system in the negative feedback loop is shown on the right. Activation of membrane-associated GR on CRH neurons leads to an increase in AEA and 2-AG. AEA and 2-AG travel across the synaptic cleft to CB1 receptors on the postsynaptic glutamatergic neurons, subsequently inhibiting their activity, and therefore suppressing the release of CRH. In chronic stress, there is a downregulation of CB1 receptors. 2-AG: 2-arachidonoylglycerol; ACTH: Adrenocorticotropic hormone; AEA: Anandamide; CB1: Cannabinoid receptor type 1; CRH: Corticotrophin-releasing hormone; GR: Glucocorticoid receptor.
future science group Review Zajkowska, Englund & Zunszain may influence trajectories in which depression develops and that personality variations may play a part in this process. Indeed, individuals who developed anhedonia went on to develop lifetime depression [58] . As such, it is plausible to assume that these individuals who experienced physical abuse in childhood processed similar experiences in different ways and developed different behavioral responses, depending on their particular genotype. In line with this thought process, homozygosity for the A allele of rs1049353 in the CNR1 gene may put carriers of this genotype at risk of parasuicide by affecting the way they process negative life events [64] . In addition, recent negative life events have been shown to interact with the minor T allele of rs7766029 in the CNR1 gene in predicting depression [54] . These data could inform the path of personalized medicine by looking at symptoms and personality traits present in depression as individual variables, together with their association with genetic polymorphisms, which would allow for the more effective tailoring of treatments.
FAAH gene
Extensive research has investigated genetic polymorphisms in FAAH in various disorders that have been linked to depression, including addictive behaviors, post-traumatic stress disorder, metabolic syndrome, diabetes and obesity [65] [66] [67] [68] . As such, rs2295633 C ancestral allele was significantly associated with post-traumatic stress disorder diagnosis in war veterans who suffered combat-related penetrating traumatic brain injury [65] . Furthermore, heterozygosity of FAAH gene at rs324420 C/A showed a significant association with risks of methamphetamine dependence in Malaysian and Chinese populations [68] . Minor allele at rs324420 was associated with obesity and cardiovascular risk factors, with noncarriers of the allele A385 having a bigger decrease of insulin postdiet [66] , and also associated with a decreased risk of metabolic syndrome [67] . Further studies have reported mixed results for rs324420 association with depression. For instance, major allele at rs324420 showed increased emotional reactivity to threat stimuli [69] . By contrast, another study reported A minor allele carriers to have increased emotional responsiveness towards unpleasant pictures [70] . Finally, a genotypic association was found between heterozygous AC rs324420 and depression [57] . Having the minor allele at rs324420 has been shown to reduce the enzymatic activity of FAAH by approximately 50%, leading to increased AEA levels [69] . Of relevance here, strong evidence from animal studies indicates that elevated levels of AEA and FAAH inhibition produce antidepressant-like effects [32] . In light of pharmacological evidence and inconclusive genetic findings, a thorough investigation of the role of FAAH gene polymorphisms in depression warrants further efforts. n Immune system While the research literature investigating gene polymorphisms of the immune system in depression treatment is extensive, the results remain inconclusive [71] . We will briefly describe two genes: IL-1b and COX-2. IL-1b is of particular interest owing to its multiple cellular properties [3, 72] and its links with several mental disorders [73] . COX-2 was selected because of its extensive involvement in the metabolism of eCBs as described above [17, 43, 45] .
IL-1b gene
Several polymorphisms of the IL-1b gene have been associated with depression and antidepressant treatment response. Individuals homozygous for the T allele of the -511C/T polymorphism (rs16944) have been shown to have delayed onset of depression in geriatric samples compared with C allele carriers [74] . In another study, homozygosity for the G allele at rs16944 and A allele at rs1143627 were linked with major recurrent depression [75] . Interestingly, there was a genotypic association between no symptom remission following antidepressant treatment and homozygosity for the G alleles at rs16944 and rs1143643 [73] . Interestingly, early onset of depression was not associated with any variants at rs1143627, rs13032029, rs1143623, rs1143634 and rs3917368 when analyzed individually and in haplotype [76] . Gene poly morphisms of IL-1b have also shown to be linked with responses of the HPA axis and eCB system. Following the administration of dexamethasone (in the test commonly used to evaluate the HPA axis negative feedback mechanism), carriers of minor allele T at rs1143633 and major allele G at rs16944 showed increased cortisol levels [77] . Homozygosity for the rs16944 G allele and rs1143643 G allele were linked with decreased activity of the limbic system and anterior cingulate cortex to facial expressions of various emotions, similar to that observed for CNR1 gene polymorphisms and response to emotional stimuli [53, 73] . Findings from the aforementioned studies further suggest links between the immune system with both HPA axis and eCB systems. This crosstalk future science group Personalized treatment in depression: endocannabinoids, inflammation & stress response Review could suggest that all three systems are part of the same process that underpins the pathophysiology of depression. n COX-2 gene While COX-2 polymorphisms have been extensively studied in relation to several conditions [78, 79] , very few have looked at mental health disorders, including neurodegenerative ones. While no associations with risk of Alzheimer's disease were found for -765G/C (rs20417) and 8473T/C (rs5275), the -1195G/A (rs689466) polymorphism was found to be associated with risk, with the major A allele representing a protective factor [80] . Specifically in relation to depression, individuals with rs4648308 AG genotype were shown to be at increased risk of developing depression following IFN-a treatment for hepatitis C [81] . Similarly, the -765G major allele and the G-765G genotype have been shown to be more prevalent in those who are at increased risk of recurrent depression [82] . No allelic and genotypic associations were found between rs4648276, rs2066826 or rs689466 and treatment resistance, response or remission in a multicenter resistant depression study [83] . Similarly, no significant associations were found for rs5275 or rs20417 [84] . n HPA axis A number of studies have looked at polymorphisms of different genes involved in the HPA axis, starting with the GR, which regulates the axis activity. The GR protein interacts with several cochaperone molecules. One of these, FK506 binding protein 5 (FKBP5), tightly regulates GR sensitivity [85] and has emerged from several genetic association studies as an important candidate gene for depression pathogenesis. We will focus on polymorphisms of both GR and FKBP5.
GR gene
Several SNPs of the GR gene that affect HPA axis function and relate to depression have been described. Several alleles have been found to alter the function of the GR. Among these, associations have been reported for N363S minor G allele (rs6195), minor allele at A3669G (rs6198) and minor A allele at ER22/23EK, sometimes referred as R23K (rs6189 and rs6190) [86] . In particular, BclI minor G allele and ER22/23EK minor A allele have been associated with unipolar depression. In addition, the ER22/23EK polymorphism (GAG AGG>GAA AAG) was also associated with a decreased risk of dementia in healthy individuals [87] . Moreover, carriers of the minor allele at ER22/23EK have been shown to have higher expression of the active GR translational variant GR-a and showed reduced gluco corticoid sensitivity, as measured by the dexamethasone suppression test. An enhanced sensitivity to glucocorticoids, also demonstrated by the dexamethasone suppression test, was seen in carriers of minor alleles BclI C/G and N363S A/G polymorphisms. In addition, N363S minor allele has been associated with increased BMI and low-density lipoprotein cholesterol levels, as well as increased risk of cardiovascular disease. Finally, A3669G minor allele, also referred as 9b A/G, has been associated with increased expression and stabilization of the dominant negative splice variant GR-a [88] . The prevalence of depression in patients with chronic coronary heart disease increased from noncarriers to hetero zygotes to homozygotes for one haplotype that includes the minor allele of the 9b A/G polymorphism. This association in a gene-dosage-dependent manner might be a vulnerability factor for depression [89] . A different haplotype, in the regulatory region of the GR, was associated with increased risk of hospital admission for depressive disorders in a study that followed participants over 35 years [90] . Two further haplotypes, covering the entire coding region and 3´-UTR of the GR have been described as associated with bipolar disorder [91] . Finally, a gene-environment interaction between the GR polymorphisms 22/23EK and 9b heterozygotes and childhood adversity was described as resulting in an increased risk of clinically relevant depressive symptoms [92] .
FKBP5
Genetic polymorphisms of the FKBP5 gene have been described in major depression and antidepressant treatment. FKBP5 rs1360780 minor T allele has been shown to be associated with lower FKBP5 mRNA expression following GR stimulation with dexamethasone in depressed patients compared with healthy controls. Interestingly, HPA axis dysregulation, manifested in elevated levels of cortisol and adrenocorticotropic hormone following dexamethasone stimulation, was only present in depressed individuals with minor allele and not in healthy controls with the same polymorphism. These findings suggest that GR sensitivity in major depression is genotype dependent [93] . Preclinical studies have shown that antidepressant treatment led to a reduction of FKBP5 mRNA gene expression levels previously increased by chronic mild future science group Review Zajkowska, Englund & Zunszain
Executive summary
The endocannabinoid system & its links to depression
The endocannabinoid (eCB) system is a neuromodulatory system; its deficiency has been linked with depression in preclinical and clinical studies.
Communication between the eCB & immune systems
eCB receptors CB1 and CB2 are expressed in the brain and immune system, and regulate immune-related functions. Levels of mRNA for proinflammatory cytokines elevated in depression are reduced by both synthetic cannabinoids and antidepressants. COX-2 can degrade anandamide (AEA) and 2-arachidonoylglycerol (2-AG), and pharmacological inhibition of COX-2 reduces depression and anxiety. Similarly, pharmacological inhibition of FAAH improves mood and also reduces inflammation. Inflammation induces 2-AG release, which reduces immune response, including COX-2 levels.
Communication between the eCB system & the hypothalamic-pituitary-adrenal axis
The eCB system takes part in the regulation of basal activity and acute stress of the hypothalamic-pituitary-adrenal (HPA) axis. eCB signaling is involved in the regulation of the fast feedback loop, part of the HPA negative feedback loop via glucocorticoid signaling. Chronic exposure to stress dampens eCB signaling and its ability to effectively take part in HPA axis regulation.
Gene polymorphisms & treatment response
eCB system -Risk of depression was associated with allelic and/or haplotypic variations of CNR1 and FAAH genes.
-TT homozygosity of CNR1 at rs806368 and rs806371 was associated with increased risk of no remission following treatment.
-Haplotype block 1 of the CNR1 gene (rs806368-rs1049353-rs806371, which is a combination C-G-G [minor-major-minor] alleles), was associated with higher remission rates following treatment. -There is evidence of genotype-dependent variation in treatment response by gender. -There is evidence that individually considered clinical symptoms, personality traits, responses to environmental stimuli, risk and severity of depression are associated with SNPs and haplotype blocks of the CNR1 gene. Immune system -IL-1b T homozygous-511 patients showed milder symptoms of depression, were more likely to have delayed onset of depression (geriatric sample) and responded better to antidepressants than C carriers. -No symptom remission following antidepressant treatment was observed in individuals who were homozygous for the G allele of rs16944 and rs1143643 in the IL-1b gene. -IL-1b gene polymorphisms are associated with increased HPA activity and emotional reactivity.
-No allelic or genotypic associations were found between COX-2 rs4648276, rs2066826, rs689466, rs5275 or rs20417 and treatment resistance, response or remission; however, polymorphisms associated with risk of developing depression following IFN-a treatment for hepatitis C and recurrent depression were reported. HPA axis -Glucocorticoid receptor (GR) ER22/23EK minor allele carriers have reduced glucocorticoid sensitivity and increased risk of unipolar depression. -Minor alleles of BclI and N363S polymorphisms are associated with enhanced sensitivity to glucocorticoids, and the Bcll minor allele is associated with unipolar depression. -Allelic association was found between 9bA/G and depression in patients with chronic coronary heart disease; gene-environment interaction between 22/23EK and 9b polymorphisms and childhood adversity increased risk of developing depressive symptoms. -FKBP5 rs4713916 and rs352428 are more likely to respond to antidepressants. -Homozygosity for TT at rs1360780 has more predictive validity on treatment response when combined with SNPs from the glutamate receptor, GRIK4, and the serotonin receptor, HTR2A.
Future perspective
Future studies should explore genetic variation in haplotypes, mRNA splice variants, genetic deletions, trinucleotide repeats and copy numbers. More research should look at gene polymorphisms in enzymes that take part in eCB synthesis and degradation as well as the CNR2 gene. Large-scale studies should focus on investigating gene polymorphism interactions of the HPA axis, eCB and immune systems jointly.
stress [94] , with clinical findings also showing that antidepressant response is associated with FKBP5 mRNA decrease [95] . Several polymorphisms of this gene have been associated with treatment response in depression. For instance, individuals with minor A allele at rs4713916 were more likely to remit and respond to treatment [96, 97] . Carriers of minor T allele rs1360780 in the Caucasian sample and CC (major allele) genotype in the mixed ethnicity sample showed better response to antidepressant treatment as did carriers of the minor C allele at rs3800373 [98, 99] . Two other studies, however, showed that variants of FKPB5 at rs3800373 and rs1360780 were not associated with antidepressant response, and C allele of rs3800373 showed a trend towards worse response [100, 101] . These contradictory findings may be due to variation between samples in regards to age. Of particular relevance, homozygosity for the T allele has future science group
Personalized treatment in depression: endocannabinoids, inflammation & stress response Review been shown to have a more predictive validity on treatment response when combined with SNPs from the glutamate receptor, GRIK4, and the serotonin receptor, HTR2A [102] . Similarly, we would expect that a joint evaluation of SNPs in genes of the HPA axis, the eCB and the immune systems would increase our predictive power of treatment response.
Considering that most studies looking at gene polymorphisms within the HPA axis, the eCB and the immune system in relation to depression have looked at SNPs, future research would benefit from considering other types of genetic variation such as copy number polymorphisms, deletions, mRNA splice variants of existing genes and trinucleotide polymorphisms, particularly because of their ability to produce functional cellular changes. Little attention has been given to enzymes that take part in eCB synthesis processes, such as DAGL and NAPE-PLD [103] .
Exploration of these enzymes in pharmacogenetics could provide further information to improve our approaches of personalized medicine in depression. Furthermore, it would be important to explore CNR2 and COX-2 gene polymorphisms in more depth, especially considering the distribution and function of CB2 receptors as well as the role of the COX-2 enzyme in the metabolism of eCBs. While gathering large samples can be challenging it should certainly be pursued in efforts to better understand and treat the complex condition that is depression. Given that evaluating a combination of gene polymorphisms predicted antidepressant response better than considering each SNP alone [102] , investigating gene polymorphisms of the HPA axis, eCB and immune systems together, in an interactive way, could be a way forward in the pharmacogenomics of depression. This is particularly relevant owing to the interplay between these systems suggesting that they may be a part of a bigger pathophysiological mechanism underlying depression. 
